This paper explores optimal fiscal policy in an overlapping-generations generalequilibrium model under uncertainty, and the impact on optimal policy of the introduction of a type of policy stickiness intended to account for the stylized fact that major reforms happen infrequently.
Introduction
Over time, the share of federal government expenditures tied to age-related programs, particularly those focusing on the elderly, has grown rapidly. For example, U.S. spending on Social Security (OASDI) and Medicare alone has risen from 15 percent of the federal budget in fiscal year 1966 (the year of Medicare's introduction) to 35 percent in fiscal year 1998, and is projected to grow to 44 percent of the federal budget during the next decade (Congressional Budget Office 1998) . Combined with the changing composition of the U.S. population, this change in spending composition has led to serious questions about the viability of current fiscal policy, both in the United States and abroad (e.g., Auerbach et al 1999) .
Dealing with the apparent fiscal imbalances associated with aging populations raises difficult questions about how and when to change policy. Projected long-term cash-flow imbalances are so large that significant immediate adjustments appear necessary to avert serious economic problems. However, with considerable uncertainty about how serious future cash-flow imbalances will be, there is also a natural tendency to put off dealing with problems that might not materialize. This tendency is magnified by the perception that old-age transfer programs, particularly Social Security, are a "third rail" of American politics, and a sense that a change today may make it harder to alter the system tomorrow. As a result, policy changes have been relatively infrequent, suggesting that a key feature of the current system is that it does not allow policy makers to adjust taxes and transfers very frequently, that is, Social Security policy is "sticky".
The fundamental question addressed in this paper is how and when to deal with long-term fiscal imbalances that are at once very significant and very uncertain, given that political constraints may make frequent changes to the system impossible. Unlike much current discussion that focuses on the institutional features of specific reforms, such as whether to scale back and/or privatize the Social Security system, our approach is to use simpler and more stylized models in search of more general conclusions regarding the nature of optimal policy responses. We consider policy under different assumptions regarding the flexibility of government decisions. To account for the various types of important economic shocks, we consider three sources of uncertainty: depreciation (which affects the productivity of capital), technological progress (which affects the productivity of both capital and labor), and life span, which affects the consumption needs of different generations.
We proceed in two steps. First, we explore the impact of uncertainty on optimal policy when policy is free to change each period. Second, we construct a simulation model to help us examine the impact of policy stickiness on social welfare and the choice of optimal policy.
Government Policy in an Overlapping Generations Model
Throughout the paper, we analyze policy design using the familiar two-period overlapping-generations model. For the sake of simplicity, we assume that there are no bequests, no heterogeneity within each generation, and no capital market imperfections. Thus, we abstract from many of the important issues that arise, for example, in discussions of optimal social security design, because we wish to focus on issues of timing and intergenerational redistribution.
Consider an economy in which each generation lives for two periods. There are three sources of uncertainty: general productivity, the rate of capital depreciation, and life span, as represented by the length of life during the second period. Each generation has a single, representative individual.
Initially, we assume that production and preferences are Cobb-Douglas. Production of output obeys the expression:
(1)
where A t is the level of labor productivity at date t. In efficiency units, the wage rate at t is:
while the gross return to capital is:
Preferences obey:
where U t is the expected utility of the generation born in period t, C 1t (C 2t ) is the consumption of the younger (older) generation in period t, and β t is the length of second-period life for the older generation in period t. The form of second period utility is based on the notion that the period is really divided into β sub-periods, each with equal weight and consumption.
Consider first the economy's equilibrium without government. Utility maximization (which with homothetic preferences can be considered in terms of efficiency units) yields the expression for first-period consumption:
Letting δ t be the rate of capital depreciation at date t, we know that:
Thus, with use made of (1), (2), (3), (5) and (6), the capital transition equation is:
This provides a complete solution for the economy's evolution with no government. Now, consider the impact of having safe government debt, B t , and taxes on each generation, T 1t and T 2t , such that:
where ν t is the market-determined safe rate of return.
There are various possible interpretations of the terms T 1t and T 2t . One may think of them as representing the tax and benefit components, respectively, of a public pension scheme.
However, for convenience, we assume that the second-period tax, T 2t , is imposed as a proportional tax on second-period capital income. Although this appears to impose a distortion, the government's optimal policy will turn out to be one that eschews distortionary taxation.
Letting θ t be the amount of savings put into government bonds in period t, we may write the household's optimization problem at time t as:
where the superscript n signifies an after-tax return. The household now chooses how much to invest in government bonds, θ, as well as how much to consume in the first period, C 1 .
Combining the two first-order conditions corresponding to these choices yields:
(10)
which corresponds to (5) for the no-government case. The expression for second-period consumption corresponding to (6) is:
where the last substitution follows from (8). Substituting (10) and (11) into the first line of (7) yields the modified transition equation for capital:
(12) ( )
Optimal Policy without Constraints
We are now in a position to maximize social welfare through the choice of {T t , B t+1 } at date t, subject to expectations at date t. We assume an additively separable social welfare function with weight ω t assigned to generation t. Our objective, therefore, is to maximize Note that for the government's problem of maximizing (13), based on (10) and (11) and subject to the resource constraint described in (12), the initial stock of government debt, B t is absent: the stock of debt is irrelevant to the optimal solution. This makes sense, because national debt is simply an accounting construct in this model (see, e.g., Auerbach and Kotlikoff 1987, for further elaboration). It is possible to increase the initial stock of debt and reduce the transfers to the elderly in the initial period of optimization without affecting the welfare of the young or the old or the opportunity set available for the future. This shift would occur, for example, if we relabeled some of the taxes and transfers of a social security system as purchases of debt and payments of interest and principal on that debt.
After some algebra, the first-order conditions with respect to T 1t , B t+1 , and K t yield the following expressions for the optimal values of C 1t and C 2t and the optimal evolution of λ t :
These conditions would also follow if we had maximized (13) through the direct choice of {C 1t , C 2t }. This result confirms that, through the choice of taxes and debt, the government can achieve its first-best solution in a decentralized context. This equivalence hinges on the government's ability to set these instruments freely, i.e., that there is one free instrument for each agent at each time. We reconsider this assumption below. For now, though, we maintain the assumption that government has the instrument flexibility needed to implement its optimal policy. Indeed, as this equivalence does not depend on the Cobb-Douglas assumptions, we can consider the direct choice of {C 1t , C 2t } for other assumptions regarding preferences and production. Expression (15) remains the same, although the definition of r t is productionfunction-dependent. For general CES preferences, (14) is replaced by:
There are a number of interesting points to make concerning the optimal conditions laid out in (15) and either (14) or (17). First, the optimal degree of risk sharing depends on the relative risk aversion of the young and elderly. In (16), γ 1 and γ 2 equal the coefficients of relative risk aversion of the young and old, respectively. If γ 1 = γ 2 , then (17) (or (14) , for the special case of γ 1 = γ 2 = 1) calls for complete risk sharing.
2 As discussed by Diamond (1997) and Bohn (1998) , this will generally require government instruments to transfer risk between generations.
As these authors have noted, the desired degree of risk sharing can be accomplished by adjusting the portfolio of the public pension scheme, for example the share of the Social Security trust fund that is placed in equity rather than debt. But there are many alternative ways to achieve the same allocation, and there need be no connection whatsoever between trust fund investment policy and intergenerational risk sharing.
This risk-sharing result holds not only for productivity risks -C 1t A t /C 2t should be independent of A t and δ t when γ 1 = γ 2 -but also for life-span risk as well: consumption per unit time of the elderly, C 2t /β t , should also bear a fixed ratio to C 1t A t , independent of β t .
A second result may be observed by comparing conditions (17a) and (17b) for successive periods, using (15):
This is precisely the standard Euler equation that prevails in the absence of the capital income tax T 2t+1 , which implies that capital income taxes should be used to spread risk, but not to distort saving, a familiar result from the dynamic optimal tax literature (e.g. Judd 1989 , Chari et al 1994 . This is accomplished by taxing only the excess return to capital.
Another point to make regarding the optimal policy involves the evolution of λ t , the marginal social value of a unit of investment at date t. The first-order conditions (17a) and (17b) call for the marginal social value of consumption of young and old to be set equal to this value.
Expression (15) also may be viewed as an Euler equation, relating to the shadow price of capital, λ t . Using (17a) to rewrite (15) in terms of first-period consumption in successive periods (a similar expression holds for second-period consumption), we obtain:
which relates the marginal utility of successive generations' consumption. To understand this result, it is helpful to consider the special case in which r t+1 -δ t+1 is known at date t. This will be true if A t+1 and δ t+1 are known at date t. In this case, (19) calls for the marginal utility of firstperiod consumption to follow a random walk, with drift (1+ r t+1 -δ t+1 )
where
+ is the government's pure rate of time preference. This finding is reminiscent of Barro's (1979) tax-smoothing result, although here the smoothing of tax burdens associated with the smoothing of consumption derives from the objective of intergenerational equity, not the minimization of deadweight loss for an infinite-horizon household.
Even for this special case of a risk-less return r t+1 -δ t+1 , consumption itself is not projected to follow a random walk with drift. To see why this is so, consider the simple case in which the drift factor equals zero, so that the optimal policy sets ( )
By Jensen's inequality, it follows that C 1t A t < E t (C 1t+1 A t+1 ). The logic is straightforward: if we wish to set the expected value of next period's marginal utility to equal a particular level, risk aversion implies that, on average, consumption must exceed its level at this specified marginal utility -the consumption level in the absence of uncertainty. Indeed, the greater the fluctuations in consumption or the degree of relative risk aversion, γ 1 , the greater this precautionary saving should be.
This result deserves emphasis: uncertainty about the future should reduce consumption today, and increased uncertainty or risk aversion should reduce consumption more. Greater uncertainty increases the chance of a favorable outcome, in which case the extra saving will prove to have been unnecessary. But it will also increase the chance of an unfavorable outcome, and risk aversion will lead us weigh the latter effect more heavily than the former. It does not matter that it is the risk aversion of future generations, because the government's social welfare criterion links the welfare of present generations with those yet unborn. The result also doesn't hinge on whether future generations are expected to be better off than current generations, which should influence the optimal level of saving but not the impact of added risk on that saving.
The equilibrium path of the economy can be described by the solution to two equations in K and λ, which we obtain using the optimum conditions (15) and (17). For the case of CobbDouglas production, we have:
A as the level of total factor productivity. In general, this nonlinear system has no analytical solution. However, we may obtain explicit results for small deviations from a long-run, deterministic steady state by solving a linearized version of (20). In this steady state, the government's pure rate of time preference, η = 1 + t t ω ω -1, must be constant, with the rate of return r * -δ * equal to it. One important limitation of this analysis is that linearization removes elements of risk and risk aversion from consideration. Thus, for simplicity, we set γ 1 = γ 2 = γ, for which case γ equals the inverse of the intertemporal elasticity of substitution. Another apparent limitation is that we implicitly are ruling out permanent trends in the stochastic variables A, δ, and β, although one can envision deviations of very long duration.
This linear version of the model has two characteristic roots, one of which is stable (µ 1 < 1) and the other of which is unstable (µ 2 > 1). We obtain the exact solution by imposing two terminal conditions, the fixed value of the initial capital stock and the requirement that the capital stock not explode over time. The result is: The first two factors call for more resources to be carried into periods when resources are expected to fall or consumption needs increase, while the last factor calls for more saving when the rate of return to capital is higher. However, given that the weighted average of all future expected values of Γ s matter, the policy to be followed at date t depends on the anticipated evolution of these shocks.
For example, suppose that total factor productivity follows the first-order process
Then the contribution of productivity shocks to the last term in (21) is:
For ρ small (strong mean reversion), the first term matters more; for ρ large (persistent shocks), the second term is more important. However, both terms work in the same direction and the net This ambiguity is present because an increase in the duration of a productively shock makes it more valuable to save more, but also less necessary. The relative importance of these efforts depends not only on parameters such as γ (a higher value weakening the effect of an increase in ρ), but also on the value of ρ itself. A similar ambiguity holds with respect to shocks to the rate of depreciation, δ.
On the other hand, the impact of life-span shocks is clear: a positive shock to life span should reduce current capital accumulation. With more consumption needed in the near term, less capital should be accumulated. This result may seem counterintuitive, if one thinks of longer life span as making individuals better off and more able to make transfers to other generations.
But the key here is the impact on the marginal value of consumption; with longer life span, a generation must spread its resources over a longer period. We also observe that the more durable this positive shock, the smaller the reduction in capital accumulation -and the greater the decline in consumption -that should occur. This is because future generations are expected to be less able to provide resources for current ones. It seems clear that similar results would hold if the additional value of consumption came from a larger size cohort, that is by an extensive rather than intensive population shock.
How fast and how much investment should respond to these shocks also depends on the values taken by the roots (µ 1 , µ 2 ). The general expression for these roots is: Clearly, µ 1 is decreasing in x, and µ 2 increasing. Thus, for x large (see (21)), investment adjusts quickly (µ 1 is small) and doesn't depend as much on distant future values of the shock term Γ s (µ 2 is large). This will be true, for example, for a low value of the risk aversion coefficient, γ.
At the other extreme, as γ → ∞, µ 1 → 1 and µ 2 → (1 + r * -δ * ). Higher risk aversion makes adjustment more costly. The same effect occurs as α → 1, as the marginal product of capital becomes independent of the level of the capital stock. The same effect, it can be shown, also occurs as the elasticity of substitution between capital and labor rises. The intuition is that there is less importance in being at the "wrong" capital stock if deviations in the level of capital have a minimal impact on its marginal productivity.
It is useful to summarize the results thus far. First, as others have noted, government policy should allocate policy risks across each pair of overlapping generations in accordance with their tolerance for risk. This can be accomplished in a variety of ways. Second, policy should adjust at each date to eliminate expected changes in the marginal value of consumption, suitably discounted. Third, with risk aversion and uncertainty, this will generally imply precautionary fiscal policy that sets aside more than what government expects it will need in the future. Fourth, policy should respond differently to productivity shocks and demographic shocks. Like increases in life expectancy, negative productivity shocks require a reduction in investment and a reduction in current consumption, with the latter growing with the expected duration of the shock. However, negative productivity shocks also discourage capital accumulation by making that accumulation less productive, and the net impact on investment of a shock's persistence is no longer clear. Finally, the speed of adjustment should rise with a fall in the degree of risk aversion, or with a decline in the capital share of output or a fall in the elasticity of substitution between capital and labor.
Limits on Policy Changes
Thus far, we have considered government policy when there is sufficient instrument flexibility for the government to control consumption directly. In a more realistic setting, this is unlikely to be the case, both because there are more "targets" (such as the consumption levels of different groups within each generation) and fewer "instruments". Once one considers these more realistic cases, it is again necessary to analyze the effects of fiscal instruments explicitly, as consumption levels now must be chosen from a constrained set.
One complication that may arise is that it may not be possible to change government's instruments in every period. This may reflect political difficulties, or implicitly the large fixed costs associated with major policy changes. To be concrete, let us suppose that the tax rates T 1 and T 2 cannot be changed in successive periods. Given that each period in an overlapping generations model corresponds to roughly 30 years, this restriction corresponds to the notion that major changes in, say, the Social Security or Medicare system may be possible only once every few decades.
With this restriction, the government's problem now has an additional state variable, say d t , which equals 0 if T 1t-1 = T 1t-2 and T 2t-1 = T 2t-2 and 1 otherwise. Letting 
ceased to depend on t).
To keep the state space manageable, we limit our analysis to cases in which the production terms A t and δ t are deterministic and constant, normalized to 1 and 0 respectively, and life span, β t , is governed by a first-order process, β t = ρβ t-1 + (1-ρ)β * + ε t , with β * = 1. This means that only the current value of β enters as a state variable at date t. Also, because there is no productivity risk, the before-tax return to capital in period t is known at the beginning of period t. Hence, capital and government debt are perfect substitutes and the return to debt, ν t (which is needed to calculate B t+1 when taxes are fixed in period t) equals the return to capital, r t . The initial stock of debt is set to zero. Taxes on young and old, T 1 and T 2 , from the "previous" period, which are state variables because of the government's policy constraints, are both set equal to .1. We assume that policy was not adjusted in the previous period, so that government does have the option of moving in the initial period.
Because the amount of time required for each simulation rises explosively as the government's horizon lengthens, we present results for a four-period horizon, i.e., for period M-3 as defined above. As discussed above, this is the first horizon (from the end) for which the government's decision regarding whether to adjust policy is not a trivial one. Also, given the size of the discount factor and the implicit length of each period, this horizon should be sufficiently long to provide a general picture of the results. We solve the model using a grid search technique. 4 For each simulation, the table presents the value achieved by the value function at the optimal policy, and the corresponding values of consumption and taxes for young and old and debt and capital carried into the next period.
For the sake of comparison, we also present simulations for the case in which there are no restrictions on policy changes. The top panel of the table, labeled "unconstrained," presents the results of these simulations, while the simulations for the model with constraints appear in the table's lower panel.
Let us consider first the results for the unconstrained model. As discussed earlier, the government's decision in this case simplifies to a two-step problem: it allocates consumption to each generation in a given period to satisfy the ratio implied by combining expressions (14a) and (14b), and then chooses the capital stock to spread resources over time to satisfy expression (15).
This implies that C 2 /C 1 = (1+r * )β, which equals 3β for our assumption that r * = 2, as the simulations in the top panel confirm approximately. 5 The unconstrained results are also consistent with the prediction from the linearized model regarding the impact of ρ on the response of consumption to a shock to current life span, β. Recall that as the shock to β is expected to be more permanent (ρ is large), we can less afford an increase in the current consumption of the elderly. Thus, consumption of the elderly should increase less, and saving should be higher, when ρ is high. Indeed, this is quite evident when we compare the changes in C 2 as β increases for ρ = .1 and ρ = .9. In fact, saving actually rises with β for the ρ = .9 case, which may reflect the additional complications of the model over its linearized version, or the fact that our earlier results held for the infinite-horizon case.
Another result worth noting is that, for β = 1, the capital stock is the same when ρ = .9
and when ρ = .1. To analyze this result, note first that when β t = 1, β t+1 = 1 + ε t+1 , so that the distribution of β t+1 is independent of ρ. The distribution of subsequent values of β will also have a mean of 1, but will have greater variance when ρ = .9, because shocks will persist. Thus, our finding is that increased future variance has no impact on capital accumulation, a result that might seem counterintuitive. It may be shown, however, at least in the two-period version of this model with logarithmic utility, that a simple increase in the variance of β is neutral with respect to capital accumulation. In our simulations, the outcome is more complicated because factor prices are also changing with β, as a result of variations in capital accumulation. Our result suggests that these variations have essentially no net impact.
Turning now to the simulations for the constrained model, we find that in all cases the government chooses to adjust tax policy in the initial period, given the assumed values of T 1 and T 2 from the "previous" period (0.1). Because it then cannot adjust policy in the next period, and must adjust policy in the final period, this means that the government's initial policy must stay in place for three periods.
As one would expect, anticipating so little flexibility leads the government to sacrifice current consumption to provide for the future. In percentage terms, the reduction in C 1 is larger than that in C 2 , perhaps reflecting the fact that the young may be expected to "recover" part of the government's precautionary saving when they are old. The reduction in C 2 is stronger for higher values of ρ and higher values of β. We conjecture that the first result derives from the higher variance of future shocks, to which policy may not be able to respond. The second result may be attributable in part to the fact that future generations are, in general, expected to be worse off when the current value of β is high. Thus, in each case, the welfare cost of having the "wrong" fiscal policy will be greater (because the errors are greater or their costs are higher), and this leads the government to exact a greater sacrifice from the current elderly.
There may also be a more subtle reason why there is less of a reduction in C 2 when β is small. When β is less than 1, it is expected to rise in the future. With policy set each period, we would then expect to have to raise the consumption of the elderly in the future, presumably by reducing their taxes. However, with policy variables constrained at their current values, this adjustment will not be possible. It may be necessary, then, to reduce the taxes on the elderly today, forcing more of the precautionary saving adjustment onto the young. This effect would be most important for low values of ρ, when we are more certain that life expectancy will revert to "normal" and rise in the near future. Indeed, it is most observable in the table for the case of ρ = .1 and β = .7. For this case, the consumption of the elderly does not drop at all between the unconstrained and constrained case -all of the precautionary saving is being forced on the young. This additional effect would be absent, of course, if our transfer to the elderly were fixed not in total value but per unit of time spent in old age, as indeed old-age pension annuities are.
This factor helps explain why the pattern of changes in C 1 is not monotonic with respect to increases in ρ and β. Still, taking the changes in C 1 and C 2 together, the impact on precautionary saving -the difference in capital between the unconstrained and constrained policy scenarios -is higher and rises more quickly with β when ρ = .9 than when ρ = .1, consistent with the initial intuition given when discussing C 2 .
At the bottom of Table 1 , we present estimates of the range of inaction in the policyconstrained version of the model, for the cases of β = 1 and ρ = .9 and .1, respectively. In parentheses are the values of T 1 and T 2 that define the boundary of the set over which the government would choose inaction, if the other tax happened to be set equal to its optimal current-period value.
For example, for ρ = .9, if the lagged value of T 2 happened to equal -.075, its optimal value in the current decision period (in bold in the table), then government would choose inaction for T 1 ∈ [.03,.24], bracketing the optimal value (also in bold) of .200. Setting T 1 at its optimal value of .200, we find an inaction range for T 2 of [-.20,-.04] . These ranges are quite broad relative to those for ρ = .1. 6 This difference suggests that there is much greater value in waiting to adjust policy if next period's information is more "permanent." That is, when ρ = .9, the shock in the next period, M-2, will also have an important impact on life span in periods M-1 and M. Thus, being able to adjust policy in period M-2 has greater value than it would if the shock in period M-2 were more temporary, as it is when ρ = .1.
Another interesting pattern in these results is that the optimal values of T 1 and T 2 each lie much closer to the upper boundary of their respective inaction ranges than to the lower boundary.
We may infer from this that suboptimal current tax rates are much more costly if they are too high than if they are too low. The logic is straightforward: mistakes in the first direction lead to taxes being too high, and consumption too low, for only one set of generations (those currently alive) while mistakes in the other direction lead to taxes being too high, and consumption too low, for a larger number of generations. Being able to spread a given burden over more generations reduces its overall cost, given the concavity of utility and hence the social welfare criterion.
This suggests an apparent paradox, that through its decisions of whether to act, the government will tend to sustain taxes that are too low and cut taxes that are too high, leading to a bias toward taxes that are too low. However, it is important to recall that, if it acts, the government tends to choose taxes that are higher than in the unconstrained case. Thus, taking into account both periods of action and periods of inaction, it does not follow that taxes will be lower, on average, in the constrained world than in the unconstrained world. While our intuition is that taxes will be higher, on average, this is an open question that we hope to resolve in future work. We also hope to explore other questions involving inaction and uncertainty, such as the impact of an expectation that uncertainty will be resolved (i.e., an expected decline in the variance of the innovations ε.) In addition, we are exploring how much of the large gap in social welfare between the constrained and unconstrained models can be closed through the use of devices that make political action less necessary, such as indexation of policy variables to the expected lifetime of the elderly. Table 2 presents the results of the same set of simulations, for the case in which the discount factor, r * , is set equal to 1. For the unconstrained policy simulations, the use of a lower discount rate makes higher capital accumulation optimal. The effects of imposing policy constraints are qualitatively in this table similar to those in Table 1 . In particular, the capital stocks under the constrained runs are generally higher than for the comparable unconstrained simulations. However, the increases are much smaller for this lower value of r * , presumably because the higher rate of initial capital accumulation leaves greater "margin for error." Indeed, for β = .7 and ρ = .1, the capital stock actually falls when the constraint is imposed. The reason appears to be that discussed above, that the only way to provide a reasonable level of consumption for the longer-lived future elderly is to "overfeed" today's short-lived elderly.
Thus, today's young have to bear all (in fact, more than all) of the reduction in consumption induced by policy constraints. As discussed above, this phenomenon would be absent if the policy constraint applied to an old-age annuity rate rather than the total old-age payment.
Conclusions
One cannot draw universal conclusions from a model as simple as the one used in this paper. However, our results illustrate a number of points relevant to current discussion of longrun policy making. We emphasize two of these points here.
First, it is important to concentrate on fundamental economic effects. The impact of policies ultimately occurs through their impact on distribution and incentives. Thus, we learn more by focusing on how policy changes alter distribution and incentives, and not being diverted by superficial distinctions such as whether the policy change takes the form of public pension reform or a shift to a private pension program, or whether the policy change occurs within the pension area or some other part of the government budget.
Second, in itself, the presence of uncertainty about the future offers little apparent justification for waiting to act in response to an anticipated fiscal imbalance. With a risk-averse population, the costs of future outcomes even worse than those expected outweigh the benefits of outcomes better than expected. This suggests not only that action should not be delayed, but further that action should actually be accelerated -that some precautionary saving may be called for, in addition to whatever changes are needed to respond to an expected fiscal imbalance. The added realism of restrictions on the frequency of policy changes alters this result in two offsetting ways. The prospect of being unable to set policy in the future occasions even more precautionary saving today, if the government acts. However, the government may also choose not to exercise its valuable option to set policy and, because the impact of its policies on the elderly cannot be reversed in the future, it is more likely to choose inaction when fiscal tightening is called for. Thus, the optimal policy response over time might best be characterized by great caution in general, but punctuated by occasional periods of apparent irresponsibility.
Much research remains to be done on this issue.
Endnotes
1 There is an additional term in the objective function, -ω t-1 ln β t , but this doesn't vary with government policy.
2 Recall that C 1t is measured in efficiency units, so C 1t A t is per capita consumption by the young.
3 Remember that each period in this life-cycle model represents a generation of perhaps 30 years, so a discount factor of 2 corresponds to a compounded annual discount factor of around 3.7 percent. 4 We chose this technique after attempts at using derivative-based methods failed to converge. 5 This relationship holds exactly when we use a high number of potential policy variables in the grid search, but in this case, the computer program can take several days to find the optimal policy.
6 Indeed, the grid size of .01 being used to estimate the inaction range is really too large for this problem, for the boundaries of the two inaction ranges are at successive points on the grid. 
